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1
CHAMBERED SHAFT FOR IMPROVED
BEARING LUBRICATION

BACKGROUND

The present invention relates to bearing lubrication and
more specifically to the lubrication of bearings at startup of a
machine utilizing the bearings (machine startup).

Bearings in rotating machinery usually require some type
of lubricant to ensure long life and proper function. Bearing
lubrication is critical, especially in applications where the
bearings experience high speeds, high loads, and/or high
temperatures, such as in aircraft electrical power generators.
In aircraft electrical power generators and similar applica-
tions, a pump delivers lubricating fluid supply from a lubri-
cation reservoir to the bearings. During machine startup,
lubricant delivery to the bearings may take some time as the
pump pressurizes the lubricating fluid, resulting in the bear-
ings rotating with insufficient lubrication for a period of time.
Whenever the bearings rotate at machine startup without suf-
ficient lubrication, the bearings experience a significant
amount of wear. It is therefore critical to deliver lubrication to
the bearings as soon as possible during machine startup so as
to reduce bearing wear.

SUMMARY

In one aspect, a shaft for a bearing lubrication assembly
includes an outer surface and a reservoir disposed within the
shaft. A first seal groove is formed on the outer surface and
extends a full circumference of the outer surface. A second
seal groove is also formed on the outer surface and extends the
full circumference of the outer surface. A radial port extends
from the reservoir to the outer surface, the radial port inter-
secting the outer surface between the first seal groove and the
second seal groove. A plurality of chambers are formed in the
shaft and disposed axially between the first seal groove and
the second seal groove. The plurality of chambers are open to
the outer surface with each chamber having a closed bottom
disposed radially inward from the outer surface. Each cham-
ber is also circumferentially spaced from one another.

In another aspect, a bearing lubrication assembly includes
a first shaft with an outer surface, a first seal groove formed on
the outer surface and extending a full circumference of the
outer surface, and a second seal groove formed on the outer
surface and also extending the full circumference of the outer
surface. A plurality of chambers are formed in the shaft and
disposed axially between the first seal groove and the second
seal groove. The plurality of chambers are open to the outer
surface with each chamber having a closed bottom disposed
radially inward from the outer surface. Each chamber is also
circumferentially spaced from one another. The bearing lubri-
cation assembly also includes a tubular second shaft disposed
around the first shaft. The second shaft includes an outer
surface, an inner surface, and a first radial port that extends
from the inner surface to the outer surface of the second shaft.
The first radial port is axially aligned with the plurality of
chambers.

Persons of ordinary skill in the art will recognize that other
aspects and embodiments of the present invention are pos-
sible in view of the entirety of the present disclosure, includ-
ing the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an embodiment of a
bearing lubrication assembly.
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FIG. 2 is a perspective view of an embodiment of an inner
shaft from the bearing lubrication assembly of FIG. 1.

While the above-identified drawing figures set forth one or
more embodiments of the invention, other embodiments are
also contemplated. In all cases, this disclosure presents the
invention by way of representation and not limitation. It
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art, which
fall within the scope and spirit of the principles of the inven-
tion. The figures may not be drawn to scale, and applications
and embodiments of the present invention may include fea-
tures and components not specifically shown in the drawings.

DETAILED DESCRIPTION

In atleast some embodiments, the present invention relates
generally to a bearing lubrication assembly that includes a
first shaft disposed within a second shaft. The first shaft
includes a plurality of chambers formed on its outer surface
and disposed between two axially spaced seals. A bearing
assembly is disposed around the second shaft. A reservoir
delivers lubricating fluid between the first shaft and the sec-
ond shaft. A radial port formed in the second shaft directs the
lubricating fluid disposed between the two shafts into the
bearing assembly. When the bearing lubrication assembly
powers down, lubricating fluid is captured and stored in the
plurality of chambers to be used during machine startup to
lubricate the bearing assembly so that the bearing assembly
does not have to rotate without lubrication while the lubrica-
tion assembly achieves steady-state. Persons of ordinary skill
in the art will recognize additional features and benefits in
view of the entirety of the present disclosure, including the
accompanying figures.

FIGS. 1 and 2 will be discussed concurrently. FIG. 1 is a
cross-sectional view of one embodiment of bearing lubrica-
tion assembly 10, and FIG. 2 is a perspective view of one
embodiment of first shaft 12 from bearing lubrication assem-
bly 10. A portion of bearing lubrication assembly 10 is omit-
ted in FIG. 1 so as to fit FIG. 1 on a single page. As shown in
FIG. 1, bearing lubrication assembly 10 includes first shaft 12
and second shaft 14. As shown in both FIGS. 1 and 2, first
shaft 12 can include first end 15, second end 16, outer surface
18, reservoir 20, first seal groove 22, second seal groove 24, a
plurality of chambers 26 with closed bottoms 28, axially
extending walls 30 (only labeled in FIG. 2), shear section 32,
spline member 34, and ledge 35. Second shaft 14 is tubular
and can include first end 36, second end 38, outer surface 40,
inner surface 42, spline member 44, stop 46, and locking
groove 48. Second shaft 14 can also include radial port 50 and
first shaft 12 can include radial port 52. Bearing lubrication
assembly 10 can also include first seal 54, second seal 56,
bearing inner race 58 with radial fluid inlet 60, bearing outer
race 62, bearing element 64, and snap ring 66.

First shaft 12 extends axially between first end 15 and
second end 16. Outer surface 18 of first shaft 12 is an outer
circumferential surface that extends around an outer circum-
ference of first shaft 12. First seal groove 22 is formed on
outer surface 18 of first shaft 12 and extends a full circumfer-
ence of outer surface 18 of first shaft 12. Second seal groove
24 is also formed on outer surface 18 of first shaft 12 and
extends the full circumference of outer surface 18 of first shaft
12. Second seal groove 24 can be axially spaced from first seal
groove 22 on outer surface 18 of first shaft 12 so as to accom-
modate chambers 26. Chambers 26 are formed on first shaft
12 and disposed axially between first seal groove 22 and
second seal groove 24. Chambers 26 are open to outer surface
18 of first shaft 12 and each chamber 26 includes closed
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bottom 28 disposed radially inward from outer surface 18 of
first shaft 12. As shown in FIG. 2, each chamber 26 can be
circumferentially spaced from one another around first shaft
12. Axially extending walls 30 separate each chamber 26
from the rest of chambers 26. In preferred embodiments,
there are at least three chambers 26, but the number of cham-
bers 26 can vary as desired for particular applications. As
discussed in detail below, because chambers 26 are radially
open to outer surface 18, include closed bottoms 28, are
separated from one another by axially extending walls 30, and
are circumferentially spaced around first shaft 12, chambers
26 can hold fluid similar to a cup and at least some of cham-
bers 26 on first shaft 12 will be oriented in an upward or
semi-upward facing position capable of holding and storing
some amount of lubricating fluid when first shaft 12 is sta-
tionary and not rotating.

Reservoir 20 can be disposed within first shaft 12 to pro-
vide a source of lubricating fluid. Reservoir 20 can be a
cylindrical bore centered radially within first shaft 12. Res-
ervoir 20 does not intersect chambers 26 and can be disposed
radially within from chambers 26. As shown in FIG. 1, at least
one radial port 52 can extend radially outward from reservoir
20 toward outer surface 18 of first shaft 12, and intersect outer
surface 18 of first shaft 12 between first seal groove 22 and
second seal groove 24. Radial port 52 extends from reservoir
20 to outer surface 18 of first shaft 12 without intersecting
chambers 26 and can be positioned axially between first seal
groove 22 and chambers 26. While FIGS. 1 and 2 only show
one radial port 52, one skilled in the art will recognize that
first shaft 12 can include more than one radial port 52. First
seal 54 can be disposed at least partially in first seal groove 22,
and second seal 56 can be disposed at least partially in second
seal groove 24. First seal 54 and second seal 56 can both be
O-rings. As discussed below, first seal 54 and second seal 56
provide a seal between first shaft 12 and second shaft 14 that
helps prevent fluid leakage between first shaft 12 and second
shaft 14 and undesirable foreign particle incursion into bear-
ing lubrication assembly 10.

Second shaft 14 extends axially between first end 36 and
second end 38. Second shaft is also tubular with inner surface
42 disposed radially within outer surface 40. Second shaft 14
is disposed around first shaft 12 such that inner surface 42 of
second shaft 14 faces outer surface 18 of first shaft 12. Inner
surface 42 of second shaft 14 can include a diameter that is
larger than a diameter of outer surface 18 of first shaft 12, such
that a gap exists between inner surface 42 of second shaft 14
and outer surface 18 of first shaft 12. First seal 54 and second
seal 56 engage inner surface 42 of second shaft 14, thereby
fluidically sealing the gap axially between first seal 54 and
second seal 56. Radial port 50 can extend radially from inner
surface 42 to outer surface 40 of second shaft 14. Radial port
50 can also be axially aligned with chambers 26. While FIG.
1 only shows one radial port 50, one skilled in the art will
recognize that second shaft 14 can include more than one
radial port 50. Both radial port 50 of second shaft 14 and
radial port 52 of first shaft 12 are fluidically connected to the
gap disposed radially between inner surface 42 and outer
surface 18, and axially between first seal 54 and second seal
56.

Bearing inner race 58 can be disposed around second shaft
14. Radial fluid inlet 60 can extend across bearing inner race
58 and can also be aligned with radial port 50 of second shaft
14 such that radial fluid inlet 60 is capable of receiving lubri-
cating fluid from radial port 50. While FI1G. 1 only shows one
radial fluid inlet 60, one skilled in the art will recognize that
bearing inner race 58 can include more than one radial fluid
inlet 60. Bearing outer race 62 can be disposed around bear-
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ing inner race 58. Bearing element 64 is disposed between
bearing outer race 62 and bearing inner race 58.

During operation of bearing lubrication assembly 10, first
shaft 12, second shaft 14, and inner race 58 rotate. The rota-
tion of first shaft 12 and second shaft 14 generates a centrifu-
gal force that urges lubricating fluid disposed in reservoir 20
into radial port 52 of first shaft 12. The lubricating fluid
travels radially outward through radial port 52 and into the
gap disposed between outer surface 18 of first shaft 12 and
inner surface 42 of second shaft 14. First seal 54 and second
seal 56 help prevent the lubricating fluid from leaking axially
outside the gap between first seal 54 and second seal 56.
Inside the gap between first shaft 12 and second shaft 14 and
between first seal 54 and second seal 56, the centrifugal force
urges the lubricating fluid against inner surface 42 of second
shaft 14. The lubricating fluid is then urged into radial port 50
of second shaft 14 where it travels radially outward and into
radial fluid inlet 60 of bearing inner race 58. The lubricating
fluid then travels across radial fluid inlet 60 and exits radial
fluid inlet 60 between bearing inner race 58 and bearing outer
race 62 where it lubricates bearing element 64. Bearing lubri-
cation assembly 10 can also include additional features for
lubricating bearing element 64, such as jets that spray lubri-
cating fluid directly onto bearing inner race 58, bearing outer
race 62, and bearing element 64.

During machine shutdown, first shaft 12, second shaft 14,
and bearing inner race 58 cease to rotate. As first shaft 12,
second shaft 14, and inner race 58 cease to rotate, the cen-
trifugal force that urges the lubrication fluid radially outward
dissipates. Once the centrifugal force dissipates, gravitational
forces can cause at least some of the lubricating fluid pres-
ently disposed on inner surface 42 of second shaft 14 and the
lubricating fluid disposed inside radial port 50 of second shaft
14 to fall radially inward and onto first shaft 12. As lubricating
fluid falls from second shaft 14 to first shaft 12, at least some
of that lubricating fluid falls inside those of chambers 26
whose openings are positioned (gravitationally) upward or
partially upward at the time first shaft 12, second shaft 14, and
bearing inner race 58 stopped rotating. The lubricating fluid
captured by chambers 26 is stored inside chambers 26 until
machine startup when first shaft 12, second shaft 14, and
bearing inner race 58 begin rotating again. The lubricating
fluid not captured by chambers 26 can flow to the bottom
(gravitationally) of the gap disposed radially between inner
surface 42 and outer surface 18, and axially between first seal
54 and second seal 56, and await there until machine startup
when first shaft 12, second shaft 14, and bearing inner race 58
begin rotating again.

At machine startup, when first shaft 12, second shaft 14,
and bearing inner race 58 begin rotating again, the centrifugal
force generated by the rotation of first shaft 12 and second
shaft 14 forces the lubricating fluid stored inside chambers 26
to move radially outward onto inner surface 42 of second
shaft 14 and into radial port 50 of second shaft 14. The
lubricating fluid then flows into radial fluid inlet 60 and con-
tinues on to bearing element 64 and bearing outer race 62. The
lubricating fluid that traveled from chambers 26 to bearing
element 64 can lubricate bearing inner race 58, bearing outer
race 62, and bearing element 64 before lubricating fluid dis-
posed in reservoir 20 reaches bearing element 64, thereby
reducing the duration of time that bearing element 64 rotates
at machine startup without lubrication. Reducing the amount
of time that bearing element 64 rotates without lubrication
helps minimize the wear experienced between bearing inner
race 58, bearing outer race 62, and bearing element 64 and
thereby increases the operating life of bearing inner race 58,
bearing outer race 62, and bearing element 64.
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First shaft 12 and second shaft 14 can be rotationally fixed
to one another such that first shaft 12 and second shaft 14 do
not rotate relative to one another, thereby ensuring that they
rotate at the same speed during machine operation. As shown
in FIG. 1, radially outward extending spline 34 can be formed
on first shaft 12 proximate second end 16 of first shaft 12.
Radially inward extending spline 44 can be formed on second
shaft 14 proximate second end 38 of second shaft 14. Radially
outward extending spline 34 of first shaft 12 engages with
radially inward extending spline 44 of second shaft 14.
Together, radially outward extending spline 34 and radially
inward extending spline 44 form a spline connection between
first shaft 12 and second shaft 14 that rotationally fixes second
shaft 14 to first shaft 12. Second shaft 14 can include addi-
tional features, such as stop 46 and locking groove 48, that aid
in axially positioning first shaft 12 relative second shaft 14.

Stop 46 can extend radially inward from inner surface 42 of
second shaft 14 between first end 36 and second end 38 of
second shaft 14. Stop 46 engages first shaft 12 between sec-
ond seal groove 24 and second end 16 of first shaft 12. First
shaft 12 can include a reduced diameter region between sec-
ond seal groove 24 and second end 16 thatincludes a diameter
smaller than a diameter of outer surface 18 of first shaft 12 so
as to create ledge 35 on first shaft 12. Ledge 35 on first shaft
12 can engage stop 46 of second shaft 14. Locking groove 48
can be formed in second shaft 14 and extend radially outward
from inner surface 42 of second shaft 14. First seal groove 22
and second seal groove 24 of first shaft 12 are axially posi-
tioned between locking groove 48 and stop 46 of second shaft
14. Snap ring 66 can be disposed in locking groove 48 and
extends radially inward to engage first shaft 12. Together, stop
46, ledge 35, locking groove 48, and snap ring 66 axially
restrain first shaft 12 relative second shaft 14 and ensure that
radial port 50 of second shaft 14 is properly positioned proxi-
mate chambers 26. First shaft 12 can also include shear sec-
tion 32. Shear section 32 can be positioned on first shaft 12
between first end 15 of first shaft 12 and first seal groove 22.
Shear section 32 acts as a fail-safe mechanism that allows first
shaft 12 to shear at shear section 32 to protect components
connected to first shaft 12 should first shaft 12 experience a
predetermined level of shear stress. For example, first end 15
of first shaft 12 can be connected to a gear box of an auxiliary
power unit (APU) for an aircraft, and second end 16 of first
shaft 12 can be connected to a generator. Should the APU
generate an undesirable level of shear stress in first shaft 12,
first shaft 12 will shear at shear section 32 to protect the
generator from experiencing too much stress.

Possible Benefits:

Persons of ordinary skill in the art will recognize that
bearing lubrication assembly 10 of the present invention can
provide numerous advantages and benefits. Some examples
of'those advantages and benefits are as follows. Chambers 26
store lubricating fluid in relatively close proximity to bearing
element 64 at machine shutdown. At machine startup, cham-
bers 26 deliver the stored lubricating fluid relatively quickly
to bearing element 64 so that bearing element 64, bearing
inner race 58, and bearing outer race 62 are lubricated quickly
at startup and do not have to wait for lubrication to be deliv-
ered from reservoir 20. Providing lubricating fiuid to bearing
element 64, bearing inner race 58, and bearing outer race 62
quickly at startup can reduce the wear and increase the life of
bearing element 64, bearing inner race 58, and bearing outer
race 62. Furthermore, first seal 54 and second seal 56 reduce
the likelihood of foreign contaminants entering the lubricat-

10

15

20

25

30

35

40

45

50

55

60

65

6

ing fluid and increasing the wear on bearing element 64,
bearing inner race 58, and bearing outer race 62.

Discussion of Possible Embodiments

The following are non-exclusive descriptions of possible
embodiments of the present invention.

Inone embodiment, a shaft for a bearing lubrication assem-
bly includes an outer surface and a reservoir disposed within
the shaft. A first seal groove is formed on the outer surface and
extends a full circumference of the outer surface. A second
seal groove is also formed on the outer surface and extends the
full circumference of the outer surface. A radial port extends
from the reservoir to the outer surface, the radial port inter-
secting the outer surface between the first seal groove and the
second seal groove. A plurality of chambers are formed in the
shaft and disposed axially between the first seal groove and
the second seal groove. The plurality of chambers are open to
the outer surface with each chamber having a closed bottom
disposed radially inward from the outer surface. Each cham-
ber is also circumferentially spaced from one another.

The shaft of the preceding paragraph can optionally
include, additionally and/or alternatively, any one or more of
the following features, configurations and/or additional com-
ponents:

the reservoir is a cylindrical bore centered within the shaft;

the radial port is positioned axially between the first seal
groove and the plurality of chambers;

the plurality of chambers comprises at least three cham-
bers;

each of the plurality of chambers are separated from one
another by axially extending walls; and/or

the shaft further includes a shear section and a spline, and
wherein the first seal groove, the second seal groove, and the
plurality of chambers are disposed on the shaft between the
shear section and the spline.

In another embodiment, a bearing lubrication assembly
includes a first shaft with an outer surface, a first seal groove
formed on the outer surface and extending a full circumfer-
ence of the outer surface, and a second seal groove formed on
the outer surface and also extending the full circumference of
the outer surface. A plurality of chambers are formed in the
shaft and disposed axially between the first seal groove and
the second seal groove. The plurality of chambers are open to
the outer surface with each chamber having a closed bottom
disposed radially inward from the outer surface. Each cham-
ber is also circumferentially spaced from one another. The
bearing lubrication assembly also includes a tubular second
shaft disposed around the first shaft. The second shaft
includes an outer surface, an inner surface, and a first radial
port that extends from the inner surface to the outer surface of
the second shaft. The first radial port is axially aligned with
the plurality of chambers.

The assembly of the preceding paragraph can optionally
include, additionally and/or alternatively, any one or more of
the following steps, features, and/or configurations:

a first seal disposed at least partially in the first seal groove,
and a second seal disposed at least partially in the second seal
groove;

the first shaft and the second shaft are connect such that the
first shaft and the second shaft are rotationally fixed relative
one another;

a spline connection configured to engage the first and sec-
ond shafts together;

a bearing inner race disposed around the second shaft and
having a radial fluid inlet aligned with the first radial port;
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a gap disposed between the outer surface of the first shaft
and the inner surface of the second shatt;

a reservoir disposed within the shaft and a second radial
port extending from the reservoir to the outer surface of the
first shaft, the second radial port intersecting the outer surface
of'the first shaft between the first seal groove and the second
seal groove;

astop that extends radially inward from the inner surface of
the second shaft and engages the first shaft;

alocking groove extending radially outward from the inner
surface of the second shaft;

a snap ring disposed in the locking groove; and/or

the first seal groove and the second seal groove of the first
shaft are axially positioned between the locking groove and
the stop.

Summation

Any relative terms or terms of degree used herein, such as
“substantially”, “essentially”, “generally” and the like,
should be interpreted in accordance with and subject to any
applicable definitions or limits expressly stated herein. In all
instances, any relative terms or terms of degree used herein
should be interpreted to broadly encompass any relevant dis-
closed embodiments as well as such ranges or variations as
would be understood by a person of ordinary skill in the art in
view of the entirety of the present disclosure, such as to
encompass ordinary manufacturing tolerance variations,
incidental alignment variations, transitory vibrations and
sway movements, temporary alignment or shape variations
induced by operational conditions, and the like.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. For example, while the
above description describes first shaft 12 and second shaft 14
being connected by a spline connection, first shaft 12 and
second shaft 14 can alternately be connected by a threaded
connection, a braze, lock pins, or any other means that rota-
tionally fixes first shaft 12 and second shaft 14 together.
Therefore, it is intended that the invention not be limited to
the particular embodiment(s) disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

The invention claimed is:

1. A shaft for a bearing lubrication assembly, the shaft

comprising:

an outer surface;

a reservoir disposed within the shaft;

a first seal groove formed on the outer surface and extend-
ing a full circumference of the outer surface;

a second seal groove formed on the outer surface and
extending a full circumference of the outer surface;

a radial port extending from the reservoir to the outer
surface, the radial port intersecting the outer surface
between the first seal groove and the second seal groove;
and

a plurality of chambers formed in the shaft and positioned
axially on the shaft between the first seal groove and the
second seal groove, the plurality of chambers being open
to the outer surface, each chamber having a closed bot-
tom disposed radially inward from the outer surface, and
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each chamber of the plurality of chambers being spaced
apart from one another along the circumference of the
outer surface of the shaft.

2. The shaft of claim 1, wherein the reservoir is a cylindri-
cal bore centered within the shaft.

3. The shaft of claim 1, wherein the radial portis positioned
axially between the first seal groove and the plurality of
chambers.

4. The shaft of claim 1, wherein the plurality of chambers
comprises at least three chambers.

5. The shaft of claim 1, wherein each of the plurality of
chambers are separated from one another by axially extend-
ing walls.

6. The shaft of claim 1 further comprising

a shear section; and

a spline,

wherein the first seal groove, the second seal groove, and

the plurality of chambers are disposed on the shaft
between the shear section and the spline.

7. A bearing lubrication assembly comprising:

a first shaft comprising:

an outer surface;

a first seal groove formed on the outer surface and
extending a full circumference of the outer surface;

a second seal groove formed on the outer surface and
extending a full circumference of the outer surface;

a plurality of chambers formed in the shaft and posi-
tioned axially on the shaft between the first seal
groove and the second seal groove, the plurality of
chambers being open to the outer surface, each cham-
ber having a closed bottom disposed radially inward
from the outer surface, and each chamber of the plu-
rality of chambers being spaced apart from one
another along the circumference of the outer surface
of the shaft; and

a tubular second shaft disposed around the first shaft, the

second shaft comprising:

an outer surface;

an inner surface; and

a first radial port that extends from the inner surface to
the outer surface of the second shaft, the first radial
port being axially aligned with the plurality of cham-
bers.

8. The bearing lubrication assembly of claim 7 further
comprising:

a first seal disposed at least partially in the first seal groove;

and

a second seal disposed at least partially in the second seal

groove.

9. The bearing lubrication assembly of claim 7, wherein the
first shaft and the second shaft are connect such that the first
shaft and the second shaft are rotationally fixed relative one
another.

10. The bearing lubrication assembly of claim 9 further
comprising:

a spline connection configured to engage the first and sec-

ond shafts together.

11. The bearing lubrication assembly of claim 7 further
comprising:

a bearing inner race disposed around the second shaft, the

bearing inner race comprising:
a radial fluid inlet aligned with the first radial port;

a gap disposed between the outer surface of the first shaft

and the inner surface of the second shaft; and

the first shaft further comprising:

a reservoir disposed within the shaft; and
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a second radial port extending from the reservoir to the
outer surface of the first shaft, the second radial port
intersecting the outer surface of the first shaft between
the first seal groove and the second seal groove.

12. The bearing lubrication assembly of claim 7, wherein 5
the second shaft further comprises:

astop that extends radially inward from the inner surface of

the second shaft and engages the first shaft; and

alocking groove extending radially outward from the inner

surface of the second shaft. 10

13. The bearing lubrication assembly of claim 12, wherein
a snap ring is disposed in the locking groove.

14. The bearing lubrication assembly of claim 12, wherein
the first seal groove and the second seal groove of the first
shaft are axially positioned between the locking groove and 15
the stop.

10



